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NATIONAL AEEONAUTICS AND SPACE ADMINISTFATION 

TECHNICAL NOTE D-1769 

AN INVESTIGATION OF FLOW VISUALIZATION TECHNIQUES I N  

HELIUM AT MACH NUMBEBS OF 15 AND 20 

By Charles E .  Duller 

S W Y  

This repor t  p resents  an inves t iga t ion  which adapted the  techniques 
developed f o r  subsonic and supersonic flow v i sua l i za t ion  t o  a helium tunnel  
operating a t  Mach numbers of 15 and 20. Three techniques a r e  discussed: 

1. The f luo rescen t -o i l  film technique f o r  making surface stream- 
l i n e s  v i s i b l e  and f o r  loca t ing  flow separat ion on a t e s t  body 

2 .  The white-lead technique f o r  loca t ing  the s tagnat ion point  and 
and streamlines r ad ia t ing  from the  s tagnat ion point  on a t e s t  
body face  a t  various angles of a t t ack  

3. The ion iza t ion  technique f o r  making vi'sible t he  regions of 
flow separat ion and attachment on a f te rbodies  . 

Resul ts  ind ica te  t h a t  surface s t reamlines ,  s tagnat ion po in t s ,  and separated 
and at tached flow over an afterbody may be made v i s i b l e  on a va r i e ty  of t e s t  body 
configurations i n  hy-pervelocity helium flow. 

IWI'RODUCTION 

The value of sch l ie ren  and shadowgraph techniques f o r  v i sua l iz ing  the  
f ea tu res  of subsonic and supersonic flows over a body has been proven by t h e i r  
continued use over t he  years .  
numbers or  very low Reynolds numbers, however, the  densi ty  of the  stream i n  the  
t e s t  sect ion i s  reduced t o  such an ex ten t  t h a t  such techniques may be unable t o  
do much more than def ine the  bow shock wave, and t h i s  possibly only f o r  a b lunt  
body. For t h i s  reason, it i s  necessary t o  u t i l i z e  add i t iona l  techniques i f  
other f ea tu res  of the  flow a r e  t o  be v isua l ized .  

In  wind tunnels  t h a t  operate a t  very high Mach 

The purpose of t h i s  inves t iga t ion  w a s  t o  adapt or  modify ex i s t ing  visual-  
i z a t i o n  techniques f o r  use i n  a he l iumtunnel  a t  Mach numbers of 15 and 20. 
Three techniques were inves t iga ted :  t he  f luo rescen t -o i l  f i lm ,  the  white-lead, 
and the  ion iza t ion  techniques.  The f luo rescen t -o i l  f i l m  and white-lead 



techniques have been used by a number of inves t iga tors  i n  the  pas t  t o  study 
surface streamlines and ind ica t ions  of flow separat ion and reattachment. Some 
appl ica t ions  of these  techniques,  and r e l a t e d  s tudies ,  a r e  reported i n  r e f e r -  
ences 1 through 5 .  The ioniza t ion  technique has ,  i n  the  pas t ,  been appl ied  i n  
two ways: a glow discharge method, which uses the  d i r e c t  i l luminat ion from an 
e l e c t r i c a l  discharge i n  t h e  flow f i e l d ,  and an afterglow technique. 
method makes use of t he  luminescence t h a t  remains i n  gases f o r  some t i m e  a f t e r  
e l e c t r i c a l  exc i t a t ion .  
such techniques.  
because of t he  short  afterglow l i f e t ime  i n  helium. 

This l a t t e r  

References 6, 7, and 8 deal  with s tud ies  conducted using 
The present  study u t i l i z e d  only the  glow discharge method 

The appl ica t ions  developed from t h i s  inves t iga t ion  a r e  s ign i f i can t  i n  t h a t  

A l l  t h r ee  techniques require  l i t t l e  i n  the  way 
sa t i s f ac to ry  flow v i sua l i za t ion  photographs proved t o  be obtainable i n  low- 
densi ty  hypersonic helium flow. 
of sophis t ica ted  equipment or procedures, and t h e i r  appl ica t ions  lend themselves 
readi ly  t o  almost any wind tunnel .  

EQUIPMENT 

Test F a c i l i t y  

The t e s t s  were conducted i n  the  blowdown type helium tunnel  i l l u s t r a t e d  i n  
f igure  1. 
or 20 and runs of 20 t o  30 seconds durat ion may be made a t  both Mach numbers. 
The t e s t  sect ion of t h i s  tunnel ,  shown sketched i n  f igure  2,  i s  48.0 inches long 
and 19.5 inches i n  diameter a t  t he  model s t a t i o n .  
t o t a l  dens i ty  i n  helium i s  O . O O l 5 O g  a t  Mach number 15 and 0.0006423 a t  Mach 
nmber  20. 

Interchangeable nozzles provide a choice of e i t h e r  Mach number 1-5 

The r a t i o  of f r e e  stream t o  

Test Bodies 

Five test-body configurat ions were used i n  the  inves t iga t ions .  
of these  t e s t  bodies i s  presented i n  f igu re  3. Bodies A and E have conical  
a f te rbodies  and spher ica l  faces;  body B i s  cy l ind r i ca l  w i t h  a b lunt  s e r r a t ed  nose 
followed by a conical  sec t ion ,  and f l a r e d  afterbody; body C i s  a t runca ted  cone 
with f l a p s  on the  base of l a r g e s t  diameter; body D i s  a delta-winged g l i d e r  
configurat ion.  

A sketch 

Photographic Equipment 

A 16 mm motion p i c tu re  camera, f i t t e d  with a 25 mm f o c a l  length l ens ,  and a 
35 mm s t i l l  camera were used i n  photographing the  flow pa t t e rns  i n  the  v i s u a l i -  
zat ion t e s t s .  Since the  pa t t e rns  i n  both t h e  f luo rescen t -o i l  f i lm and ioniza t ion  
techniques required a per iod of time t o  develop and were l o s t  when flow w a s  
stopped, motion p i c tu re s  were obtained of t he  p a t t e r n  development and 
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s t a b i l i z a t i o n .  
the  face of t he  t e s t  body, and it w a s  impossible t o  pos i t ion  t h e  motion p ic ture  
camera f o r  a head-on view. 
the  stagnation point  and streamlines were preserved i n t a c t  after t h e  tunnel  w a s  

f i l m  types and camera s e t t i n g s  were d i f f e ren t  f o r  each technique and a r e ,  there-  
fore ,  mentioned separately under Procedures. 

The region of primary interest  i n  t h e  white-lead technique was 

S t i l l  photographs were taken after each t e s t .  Since 

1 shut down, the re  w a s  s u f f i c i e n t  t ime t o  remove t h e  model f r o m t h e  tunnel .  The 
~ 

I 

PROCEDURES 

Fluorescent-Oil Film Technique 

The undesirable high vapor pressure cha rac t e r i s t i c s  of standard o i l s  at  
the  very low t e s t  pressures  made it necessary t o  use vacuum-punrp o i l  f o r  these  
s tud ies .  An u l t r a v i o l e t  addi t ive  powder, Blak-Ray No. DF-502 o i l - so luble  f luo-  
rescent  dye, w a s  mixed with t h e  o i l  i n  t h e  r a t i o  of one p a r t  by volume of powder 
t o  th ree  p a r t s  o i l .  This w a s  an a r b i t r a r y  r a t i o ,  but increasing the amount of 
powder added l i t t l e  t o  t h e  fluorescence of t h e  o i l  and a f f ec t ed  t h e  v iscos i ty  
only s l i g h t l y .  Various gear o i l s  and greases were subs t i tu ted  f o r  vacuum-pump 
o i l  but  t h e  conclusion w a s  t h a t  o i l s  or greases heavy enough t o  have slow evap- 
ora t ion  r a t e s  i n  a near vacuum were too  viscous t o  form flow pa t t e rns .  

To obtain t h e  maximum i n t e n s i t y  and cont ras t  for photography, the  
f luorescent -o i l  f i l m  on t h e  t e s t  body had t o  be uniformly i l luminated with ultra- 
v i o l e t  l i g h t  by t h e  equipment i l l u s t r a t e d  i n  f igu re  4. The windows on both s ides  
of t he  t e s t  sec t ion  were f i t t e d  with BH-6 mercury-vapor lamps. 
l i n e s  were i n s t a l l e d  between the  lamps and the  windows t o  pro tec t  t he  l a t t e r  from 
heat generated by t h e  lamps. 
mize  t h e  v i s i b l e  background l i g h t .  The access  por t  on top  of the  t e s t  sect ion 
w a s  f i t t e d  with a 1/2-inch-thick quartz window. Quartz was used because of i t s  
t ransmiss iv i ty  of u l t r a v i o l e t  l i g h t .  
than a mercury-vapor lamp, w a s  mounted i n  the  top  window because of t h e  l imi ted  
space ava i l ab le .  
The camera i s  not shown i n  f igu re  4 because i t s  pos i t ion  depends on t h e  desired 
view of t h e  t e s t  body. 
with 16 mm dayl ight  motion p ic ture  f i l m .  
s e t t i ngs  were changed t o  F2.7 a t  24 frames per second t o  provide more film footage 
of t h e  pa t t e rn  development. 

Forced-air cooling 

Type 754 f i l t e r s  were f i t t e d  on each lamp t o  mini- 

An H-100 F L 4  pro jec tor  f lood lamp, rather 

A type 754 u l t r a v i o l e t  f i l t e r  w a s  a l s o  used with t h i s  lamp. 

Camera s e t t i n g s  of F4 a t  8 frames per  second were used 
Later i n  t h i s  s e r i e s  of t es t s ,  t h e  

Surfaces of t h e  t es t  bodies i n  the  f luo rescen t -o i l  f i l m  s tudies  were 
polished t o  enhance t h e  d e f i n i t i o n  of t he  streamlines and t h e  r i p p l e s  i n  the  o i l .  
Experiments reported i n  reference 1 proved t h a t  photographs of bodies with black 
or d u l l  surfaces  d id  not show s u f f i c i e n t  con t r a s t ,  whereas shiny surfaces  
r e f l ec t ed  the  u l t r a v i o l e t  l i g h t  back through t h e  o i l  and e s s e n t i a l l y  doubled t h e  
i n t e n s i t y  of t h e  i l luminat ion.  
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Just p r i o r  t o  a run,  t he  t e s t  body w a s  mounted i n  the  tunnel  and a l l  
extraneous grease ,  o i l ,  and dust p a r t i c l e s  were removed. The t e s t  body was 
covered with a t h i n  f i l m  of f luorescent  o i l .  An add i t iona l  ind ica tor  of stream- 
l i n e s  w a s  f i n e l y  powdered l ead  graphi te  appl ied i n  dots  or a l i n e  j u s t  upstream 
of t h e  a rea  on t h e  t e s t  body surface t o  be s tudied .  Another t h i n  coat of f l u o -  
rescent  o i l  was appl ied  t o  suspend the  graphi te  and give it g rea t e r  mobil i ty .  
The des i red  e f f e c t  w a s  f o r  t he  a t tached  flow t o  sweep the  graphi te  and o i l  i n  
d i s t i n c t  streamlines back over t he  a rea  t o  be observed. The o i l  forms a r i p p l e  
or  wave a t  po in ts  of flow separat ion from the  t e s t  body. 

White-Lead Technique 

The white-lead technique uses white l ead  as an ind ica tor  i n  the  o i l  f i l m  
ra the r  than f luorescent  dye or graphi te .  White lead  i s  u se fu l  for t he  v i s u a l i -  
za t ion  of s tagnat ion point  and streamline loca t ions  on t e s t  body faces  because 
t h e  r e su l t i ng  p a t t e r n  can be preserved long enough a f t e r  cessa t ion  of flow t o  
allow the  t e s t  body t o  be rernoved from the  tunnel  and photographed. Other types 
of pastes and powders were t r i e d ,  I r i th  vacuum-pump o i l  as the  vehic le ,  but  
r e s u l t s  from these  mixtures trere unsa t i s fac tory  i n  t h a t  pa t t e rns  e i ther  f a i l ed  t o  
develop or  were blown away before the  tunnel  vas stopped. Commercially ava i l ab le  
white l ead  contains l i n seed  o i l ,  which had t o  be removed because of i t s  unde- 
s i r a b l e  high vapor-pressure c h a r a c t e r i s t i c .  The white-lead l i n seed -o i l  mixture 
w a s  d i l u t e d  with acetone and s t r a ined  repeatedly through f i l t e r  paper leaving a 
dry,  white pas te  of l ead  peroxide.  The white-lead pas te  was mixed iri th vacuum- 
pump o i l  a t  a r a t i o  by volwne of one p a r t  white l ead  t o  four  p a r t s  vacuum-pump 
o i l .  This r a t i o  was d ic t a t eu  l a rge ly  by t h e  des i r e  t o  keep the  v i scos i ty  of t he  
mixture near ly  the  same as t h a t  of the  vacuum-pump o i l .  This mixture was found 
t o  be su i t ab le  f o r  t he  pressures ,  k c h  numbers, and durat ion of runs used i n  t h i s  
inves t iga t ion .  

The por t ion  of t he  t e s t  boiiy t o  be s tudied vas painted with one coat of zinc 
chromate primer and one coat of f l a t  black pa in t  t o  cont ras t  b e t t e r  with the  
white l ead .  The coating of pa in t  vas appl ied a s  t h i n l y  and evenly as possible  t o  
avoid surface roughness. 

The t e s t  body w a s  mounted i n  the  tunnel  and a very t h i n  f i lm of white-lead 
mixture w a s  appl ied  t o  the  region of i n t e r e s t .  A t h i n  f i l m  was found t o  provide 
b e t t e r  uniformity and l e s s  mobil i ty  t o  the  p a t t e r n  than a th i ck  f i l m .  

To preserve the  p a t t e r n  on the  face of t h e  t e s t  body during shutdom of the  

The cone had t h e  same maximum diameter as the  t e s t  bociy, and was 
tunnel, a cone w a s  f i t t e d  on the  domstream end of t he  s t a r t i n g  probe. 
f i g .  2 . )  
a l i ned  d i r e c t l y  i n  f ront  of t he  boEy when the  probe vas i n  the  down pos i t i on .  A t  
t h e  beginning of a run,  a f te r  flow had been achieved, the  probe was r a i s e d  out 
of t he  stream, exposing the  face of t h e  t e s t  body t o  the  flow. A t  t h e  end of t he  
run,  the  probe was lowered p r i o r  t o  shutdown, thus pro tec t ing  the  white- lead 
p a t t e r n  on the  face of t h e  t e s t  body. 

(See 
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Ioniza t ion  Technique 

Two approaches t o  the  ion iza t ion  technique a r e  t h e  afterglow method and the  
glow discharge method. Experiments out l ined i n  reference 8, i n  which af terglow 
s tudies  were conducted i n  severa l  d i f f e ren t  gases ,  indicated t h a t  such t e s t s  
were not successful  i n  helium because the  afterglow would not las t  a s u f f i c i e n t  
length of time t o  reach the  t e s t  sec t ion .  Therefore, t h e  glow discharge approach 
w a s  used i n  the  present  t e s t s .  This approach w a s  d i f f i c u l t ,  however, because of 
t he  high ion iza t ion  p o t e n t i a l  of helium. 

, 

The t e s t -  sec t ion  arrangement f o r  t he  ion iza t ion  s tudies  i s  i l l u s t r a t e d  i n  
f igu re  5 .  The por t  d i r e c t l y  above t h e  t e s t  body w a s  f i t t e d  with a plug made of 
Micarta f o r  i n su la t ion .  A copper rod w a s  mounted off-center  i n  t h i s  plug so 
t h a t  by r o t a t i n g  the  plug 180° t he  rod could be posi t ioned e i t h e r  ahead of or 
behind the  t e s t  body. The rod i t s e l f  w a s  insu la ted  with a p l a s t i c  i n su la t ing  
tubing t h a t  could be shrunk t o  a t i g h t  f i t  by heat ing.  Since voltages ranging 
from 1000 t o  7000 de were t o  be used i n  very low helium pressures  during the  
t e s t s ,  it w a s  decided f o r  s a fe ty  reasons not t o  mount the  t e s t  body on the  regu- 
lar model-support s t r u t  loca ted  i n  the  t e s t  sec t ion .  Such a mount would require  
running the  high-voltage e l e c t r i c a l  cable through the  near-vacuum of the  t e s t  
sect ion,  c lose t o  unshielded metal s t ruc tu res .  The uncertainty of t h e  perform- 
ance of high-voltage cable in su la t ion  under such conditions d i c t a t ed  the  design 
of a s t ing  t h a t  could be mounted i n  one of t he  access p o r t s .  In  t h i s  way, t he  
high-voltage cable could remain outs ide the  t e s t  sect ion,  an?- be connected t o  the  

, t e s t  body by a b ras s  or  copper rod running through the  sting i n  the  access  p o r t .  
This rod w a s  i n su la t ed  i n  the  same manner as the  discharge electrode mounted on 
t o p  of t h e  t e s t  sec t ion .  

, 
The high-voltage negative l ead  w a s  a t tached t o  the  t e s t  body, making it the  

cathode, and the  pos i t i ve  l ead  w a s  a t tached t o  the  discharge e lec t rode ,  mk ing  it 
t h e  anode. By t h i s  arrangement, it w a s  possible  t o  loca te  the  discharge e lec-  
t rode  w e l l  behind and above the  t e s t  body, out of t he  immediate flow f i e l d .  The 
flow i t s e l f  would assist  the discharge by carrying ions t o  the discharge 
e lec t rode .  

t 

The t e s t  body w a s  machined out of s o l i d  b ra s s .  Aluminum or copper would 
have given equal or b e t t e r  conduction, but  would a l s o  scra tch  or scar  more 
r ead i ly .  The attachment of t he  t e s t  body t o  the  sting w a s  designed so t h a t  t h e  
body could be supported a t  se lec ted  angles  of a t t a c k .  During t h e  t e s t s ,  it w a s  
des i red  t h a t  t he  i l luminat ion of t h e  gas or ig ina te  around t h e  forward por t ion  of 
t he  t e s t  body and be swept back around t h e  af terbody.  Accordingly, t he  af terbody 
w a s  coated with a f l a t  black pa in t  having an a c r y l i c  base t o  i n h i b i t  a rc ing  from 
t h i s  region t o  the  discharge e lec t rode .  The forward por t ion  or  face of t he  tes t  
body w a s  l e f t  unpainted. 

These t e s t s  were photographed with 16 m dayl ight  motion p i c tu re  film, with 
camera s e t t i n g s  of Fl.9 a t  24 frames per second. The t e s t  sec t ion  w a s  completely 

l dark f o r  t h i s  s e r i e s  of t e s t s ,  so t h a t  t h e  only l i g h t  seen by t h e  camera w a s  t h a t  
emitted by the  ion iza t ion  of t h e  gas .  The window opposite the  camera w a s  covered ' with black cardboard, and a black enclosure was made f o r  t he  camera and operator 
a t  t h e  other window. 

5 



Other arrangements t r i e d ,  included t h e  reversing of e l e c t r i c a l  leads t o  make 
t h e  rod i n  the  top  of the  t e s t  sec t ion  the  high-voltage electrode,  or anode, and 
the  t e s t  body the  discharge e lec t rode ,  or cathode. Experiments proved t h a t  i n  
order t o  sus t a in  a glow discharge i n  the  region of the  t e s t  body while the  tunnel  
w a s  operating, t he  anode had t o  be within an inch of t he  t e s t  body. To obtain 
s u f f i c i e n t l y  intense ion iza t ion  about the  t e s t  body f o r  photography, the  anode 
had t o  be within 1/2 inch of t he  forward corner of the  t e s t  body. This loca t ion  
in t e r f e r r ed  with the  shock wave and flow f i e l d  i n  general .  

RESULTS AND DISCUSSION 

I Fluorescent-Oil Film Technique 

I Flow pa t t e rns  obtained by the  f luo rescen t -o i l  f i l m  technique on the surfaces  
of four d i f f e r e n t  t e s t  bodies a r e  presented i n  f igure  6.  Body A i s  shown with 
the  top  of the  afterbody p a r a l l e l  t o  flow. 
back along the  afterbody from the  forward corner,  and a d i s t i n c t  r i pp le  i n  the  
o i l ,  bel ieved t o  ind ica te  the  l i n e  of flow separat ion,  has formed about halfway 
down the s ide  of the  afterbody. The upward t r end  i n  the  forward end of t he  
separat ion l i n e  near t he  corner i s  bel ieved t o  be caused by the  vortex ac t ion  of 
reversed flow. This p r i n t  i s  from one frame of a motion p i c tu re  which showed o i l  
on the  bottom, or leeward s ide  of t he  afterbody being swept forward and up, i n  
the  d i r ec t ion  opposite t o  the  free-s t ream flow. 

The o i l  and graphi te  have been swept 

Body configurat ion B w a s  mounted a t  a small angle of a t t ack  and photographed 
from a quarter  f ron t  view. Streamlines apparent i n  the  photograph indica te  t h a t  
t he  flow t r a v e l s  back and over t he  c y l i n d r i c a l  por t ion  of t he  t e s t  body, and 
a co l l ec t ion  of o i l  a t  the  top  of the  f l a r e  ind ica t e s  t h a t  the  flow has appar- 
e n t l y  separated i n  t h i s  region. 

Body configurat ion C was mounted a t  a small angle of a t t a c k ,  and ro t a t ed  
about i t s  r o l l  a x i s  so t h a t  the  top  and f l a p  were presented t o  the  camera. 
Streamlines a r e  p l a i n l y  v i s i b l e  i n  the  o i l  ind ica t ing  a flow which sweeps back 
and around t h e  body, forming what i s  believed t o  be a separat ion l i n e  ahead of 
and around the  f l a p .  A region of reversed flow i s  believed t o  be indicated by 
the  streamlines appearing between the  f l a p  and the  separat ion l i n e .  

Body configurat ion D w a s  mounted a t  a small angle of a t t a c k ,  and w a s  ro t a t ed  
about i t s  longi tudina l  ax i s  so t h a t  the  top  w a s  v i s i b l e  t o  the  camera. Stream- 

separated flow over these  surfaces .  
photographs i n  f igu re  6 a r e  due t o  d i f fe rences  i n  test-body mater ia l s . )  

I l i n e s  may be seen on the  nose, fuselage,  and f i n s ,  and the re  i s  no ind ica t ion  of 
(The d i f fe rences  i n  co lors  between the  

The vacuum-pump o i l  had f a i r l y  low v i scos i ty ,  even with the  f luorescent  dye 
I added, and it flowed e a s i l y ,  though slowly, on the  sloping surfaces  of t he  t e s t  
I bodies.  This w a s  undesirable i n  t h a t  p rec ise ly  located dots  or l i n e s  of graphi te  

would tend t o  flow with the  o i l  before the  tunnel  w a s  s t a r t e d ,  leaving insuf 'f i-  
c ien t  amounts of graphi te  upstream of the  region t o  be s tudied.  To a l l e v i a t e  
t h i s  problem, the  graphi te  w a s  appl ied i n  small do ts ,  r a the r  than a l i n e ,  and the  
second coat of f luorescent  o i l  w a s  l imi ted  t o  the  a rea  immediately upstream of 
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the  graphi te .  
s t a r t i n g  of t he  tunnel would not a f f e c t  t he  graphi te .  
s t a r t ed ,  t he  o i l  w a s  swept downstream, picking up the  graphi te  as it moved back 
along the  tes t -body surface.  

I n  t h i s  way, any motion of t he  second coating of o i l  p r i o r  t o  the  
When the  tunnel  w a s  

The photographs taken during the  t e s t s  proved t h a t  t he  f luo rescen t -o i l  f i l m  
with f i n e l y  powdered l ead  graphi te  indicated the  streamlines and separat ion l i n e s  
s a t i s f a c t o r i l y  f o r  observing and photographing surface-flow pa t t e rns  on a va r i e ty  
of t e s t  body configurat ions.  
test-body faces  proved unsa t i s fac tory  i n  t h a t  t he  o i l ,  and graphi te  when used, 
were completely swept away i n  t h e  region of t he  s tagnat ion po in t .  

Attempts t o  use t h i s  method of v i sua l i za t ion  on 

White-Lead Technique 

Flow pa t t e rns  formed on the  face  of t e s t  body A a t  various angles of a t t ack  
with the  white-lead technique a r e  presented i n  f igu re  7. 
shows the  flow p a t t e r n  formed when t e s t  body A w a s  a t  0' angle of a t t a c k .  
s tagnat ion point  may be seen i n  the  center  of t he  face ,  and the  streamlines 
exhib i t  t h e  radial symmetry of flow from the  s tagnat ion poin t  outward t o  t h e  
corners .  
body t o  an angle of a t t ack  of l5O. The s tagnat ion point  has moved away from the  
center ,  and the  s t reamlines  are shown flowing toward the  corners i n  a three-  
dimensional pa t t e rn .  
of a t t ack  of 3 3 O ,  with the  s tagnat ion point  appearing a t  the  most windward 
por t ion  of t he  face .  

The top  photograph 
The 

The p a t t e r n  i n  the  middle photograph r e su l t ed  from pi tch ing  the  t e s t  

The lower photograph shows the  p a t t e r n  formed a t  an angle 

Resul ts  similar t o  these  shown i n  the  photographs were obtained cons is ten t ly  
on similar forebody configurat ions,  and provided v i sua l  data upon which t o  base 
the  loca t ion  of fu tu re  heat  t r a n s f e r  and pressure measuring instrumentation. 

This method w a s  t r i e d  on severa l  a f te rbodies ,  but  s a t i s f ac to ry  pa t t e rns  
were not formed, even though the  v i scos i ty  of t he  o i l  w a s  e s s e n t i a l l y  the same 
as in the  fluorescent-oil f i l m  technique. Apparently t h e  l ead  peroxide pas te  was 
not as mobile as the  lead  graphi te  i n  vacuum-pump o i l .  Thus, when the  o i l  w a s  
swept by at tached flow, the  l ead  peroxide paste  would e i t h e r  not move, or would 
move without leaving a s t reamline.  

Ion iza t ion  Technique 

Charac te r i s t ics  of the  flow over t h e  a f t e rpo r t ion  of t e s t  body E, as 
indicated by the  ion iza t ion  technique, a r e  shown i n  f igu re  8 f o r  various angles 
of a t t ack  and f o r  a free-s t ream Mach number of 15. 

The discharge e lec t rode  i s  above and behind the  t e s t  body, and i s  out of t he  
l i n e  of s igh t  of the  camera. The spots  of l i g h t  on the  afterbody a r e  bel ieved t o  
be a corona e f f e c t ,  or "hotspots," caused by arc ing  through the  t h i n  pa in t  l aye r .  
A th icker  coat of acryl ic-base pa in t  would el iminate  t h i s  phenomenon. 
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The ionized gas i s  shown being swept back from the  corners of the  forebody, 
forming a i  envelope of i l luminated flow around the  afterbody. The i l luminated 
regions around t h e  body a r e  bel ieved t o  ind ica te  separated flow. The lower 
photograph, showing the  i l luminated gas contacting the  afterbody, i s  bel ieved t o  
ind ica te  flow reattachment. These hypothet ical  indicat ions were l a t e r  substan- 
t i a t e d  by pressure and hea t - t ransfer  data taken on a model similar t o  t e s t  body E 
a t  t he  same angles of a t t a c k .  

CONCLUDING 

The three  techniques described i n  t h i s  paper appear t o  be use fu l  and 
e f f i c i e n t  f o r  v i sua l iz ing  flow i n  helium a t  Mach numbers of 15 and 20. Surface 
streamlines and flow separat ion l i n e s  on various afterbody configurat ions could 
be seen with the  f luo rescen t -o i l  technique; t he  white-lead technique made the  
s tagnat ion poin ts  and streamlines d i s t i n c t  on the  spher ica l  face of a t e s t  body 
a t  d i f f e ren t  angles of a t tack ;  and the  glow discharge ion iza t ion  technique i l l u -  
minated t h e  envelope of gas flowing about a t e s t  body so t h a t  t he  separated and 
attached flow could be observed. 

These techniques may be employed i n  almost any tunnel  of moderate s i ze  
without extensive modifications t o  the  r e l a t i v e l y  simple equipment described i n  
t h i s  r e p o r t .  The ease with which t h i s  equipment may be s e t  up and put  i n t o  
operation make preliminary flow v i sua l i za t ion  s tudies  a l o g i c a l  and p r a c t i c a l  
prelude t o  hea t - t r ans fe r  or  pressure d i s t r i b u t i o n  t e s t s .  
of flow pa t t e rns  on and about a model provides information f o r  instrumenting 
models and planning fu tu re  t e s t s .  

The v i sua l  presentat ion 

Ames Research Center 
National Aeronautics and Space Administration 

Moffett F ie ld ,  Cal i f . ,  Jan.  17 ,  1963 
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A-30328 a = 3 3 0  

Figure 7.- White-lead techniques; Mach number 20 in helium; test body A. ~ 



a. = oo 

a = 15O 

A-30324 Afterbody top a = 230 
p a r a l l e l  t o  flow 

Figure 8.- Ionization technique; t e s t  body E a t  Mach 15 i n  helium. 
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